Abstract This paper studies the tail of the bu er occupancy distribution of a queueing system with c parallel deterministic servers, in nite bu er capacity and an input process with consists of a superposition of a long range dependent on-o source and a batch renewal process. In particular, we investigate the decay of the tail for di erent values of c and for di erent compositions of the tra c mix. It is shown that for c = 1 (i.e. a single server system), the tail has a power law decay, while for c > 1, di erent cases may be distinguished: if the arrival rate of the background tra c is larger than c ? 1, then the tail probabilities decay according to a power law, while for the other case, the decay is exponential.
Introduction
In the past years, tra c measurements on packet networks (e.g. Ethernet LAN tra c 11], VBR video streams over ATM 8] ) have shown that the autocorrelation function of the number of arrivals in a time interval does not decrease exponentially in time, but according to a power-law. This type of tra c is referred to as long range dependent tra c (LRD), in contrast with the more classical short range dependent tra c (SRD) (e.g. Markovian models). The autocorrelation structure of the arrival process has a major impact on the bu er occupancy of a queueing system with this process as input. For Markovian tra c, the tail of the queue length distribution decays exponentially, while for LRD input tra c the tail of the bu er distribution decays according to a power law (see e.g. 5] , 7], 9], 10] ). In 2], an exact formula for the bu er asymptotics of a discretetime queue with an LRD M/G/1 input process was obtained. The M/G/1 is de ned as a process where trains arrive in a time slot according to a Poisson process with rate . Each train consists of a number of back-to-back arrivals with length A , with distribution given by Pf A = kg ak ?s , with 2 < s < 3 and a > 0. The (1) where q denotes the bu er occupancy and is the load of the system.
In this paper we consider a queueing system where the input process consists of a mix of LRD and SRD tra c. The LRD component is an on-o source with geometrically distributed o -period and on-periods which have a Paretolike distribution. The SRD component consists of a batch renewal process. To model the di erence in speed of the input and output lines, we assume that this tra c mix is fed to a multi-server queue with c parallel servers. The aim of the paper is to investigate the tail of the bu er occupancy distribution of this (LRD+SRD)/D/c queue for di erent compositions of the tra c mix and di erent values of c. We show that when c = 1, the tail has a power law decay, while for c > 1, di erent cases may be distinguished: if the arrival rate of the background tra c is larger than c?1, then the tail probabilities decay according to a power law, while for the other case, i.e. the arrival rate of the background tra c is less than c ? 1, the decay is exponential. With respect to the transition point (i.e. when the arrival rate of the background tra c is exactly c ? 1) , no conclusions can be drawn. These results give some insight about the in uence of spacing cells of an LRD tra c stream on the queueing behavior. The number of servers c is a measure for the spacing distance. The results show that by spacing an LRD tra c stream and mixing with SRD tra c, a tail which decays according to a power law may be changed into an exponential decay.
The Queueing System
The queueing system that is considered consists of a multiplexer with c servers each having a deterministic service time of one time slot, an in nite capacity bu er and input tra c which is the superposition of an on-o source and so- In what follows, we describe the input tra c using a matrix-analytic notation. The LRD on-o source can be considered as a D-BMAP (see 1]) as follows. Let p a n be the probability that the LRD source is in the (n+1) th slot of an on-period given that it was in the n th slot of this on-period in the previous slot. Then p a n = 1 ? P n i=1 a 
Since Q(z) = X(z)e = (1 ? )(z ? 1)w(z)e, it follows that
By calculating Q 0 (1) we obtain
Pfq > kg = A 00 (1) ? 
the interval ; 1) belongs to G for some 2 (0; 1):
Hence on G the representation (13) We obtain the asymptotic behaviour of the tail probabilities, as in 3. Analysing the behaviour of f(y) for y ! 1?, by using similar arguments as for the 0 (1) > c ? 1 In 4] this type of asymptotic behaviour is conjectured for similar queueing systems. the mean arrival rate is 1.6. Since = 1, this example is a transition point case.
In the third example s = 2:6, = 0:8 and = 1:2, hence mean arrival rate is 1.5. This leads to a power law decay.
Conclusions
In this paper we have investigated the decay of the tail of the bu er occupancy distribution for a c-server queue which is fed by a mix of long range and short range dependent tra c. It turns out that the decay may be exponentially or according to a power law, depending on the composition of the tra c mix and the number of parallel servers c. The transition point occurs when the c > 1 and the arrival rate of the SRD tra c is exactly c ? 1. These results may be applied to tra c control schemes for LRD tra c in the following way. Consider SRD tra c mixed with LRD tra c which is spaced. The spacing distance is related to the value of the number of parallel servers c in the model of the paper. The results give some insight under what conditions with respect to tra c mix and spacing distance, the tail of the bu er occupancy switches from a power law type to exponential.
